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Abstract 

In 2010, cancer deaths accounted for more than 15% of all deaths worldwide, and this fraction is estimated to rise in the 
coming years. Increased cancer mortality has been observed in Immigrant populations, but a comprehensive analysis by 
country of birth has not been conducted. We followed all individuals living in Sweden between 1961 and 2009 (7,109,327 
men and 6,958,714 women), and calculated crude cancer mortality rates and age-standardized rates (ASRs) using the world 
population for standardization. We observed a downward trend in all-site ASRs over the past two decades in men regardless 
of country of birth but no such trend was found in women. All-site cancer mortality increased with decreasing levels of 
education regardless of sex and country of birth (p for trend <0.001). We also compared cancer mortality rates among 
foreign-born (13.9%) and Sweden-born (86.1%) individuals and determined the effect of education level and sex estimated 
by mortality rate ratios (MRRs) using multivariable Poisson regression. All-site cancer mortality was slightly higher among 
foreign-born than Sweden-born men (MRR= 1.05, 95% confidence interval 1.04-1.07), but similar mortality risks was found 
among foreign-born and Sweden-born women. Men born in Angola, Laos, and Cambodia had the highest cancer mortality 
risk. Women born in all countries except Iceland, Denmark, and Mexico had a similar or smaller risk than women born in 
Sweden. Cancer-specific mortality analysis showed an increased risk for cervical and lung cancer in both sexes but a 
decreased risk for colon, breast, and prostate cancer mortality among foreign-born compared with Sweden-born 
individuals. Further studies are required to fully understand the causes of the observed inequalities in mortality across levels 
of education and countries of birth. 



Citation: Abdoli G, Bottai M, Moradi T (2014) Cancer Mortality by Country of Birth, Sex, and Socioeconomic Position in Sweden, 1961-2009. PLoS ONE 9(3): 
e931 74. doi:l 0.1 371/journal.pone.00931 74 

Editor: Thomas Behrens, Universitat Bochum, Germany 

Received April 22, 2013; Accepted March 3, 2014; Published March 28, 2014 

Copyright: © 2014 Abdoli et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited. 

Funding: Gholamreza Abdoli doctoral studies are partially supported by The Kermanshah University of Medical Sciences, Kermanshah, lran(http://www.kums.ac. 
ir/home-en.html)and department of environmental Medicine, Karolinska Institutet, Sweden(URL:http://ki.se/ki/jsp/polopoly.jsp?d = 1666&I = en). No additional 
external funding received for this study. 'The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the 
manuscript. 

Competing interests: The authors have declared that no competing interests exist. 
* E-mail: gholamreza.abdoli@ki.se 



Introduction 

Worldwide, in 2010 there were 8 million deaths due to cancer, 
accounting for 15.1% of all deaths [1]. It has been estimated that 
this figure may rise to 13 million deaths by 2030 [2]. According to 
a report published by the World Health Organization, cancers of 
the lung, stomach, liver, colon and breast are the leading causes of 
cancer deaths [2]. Furthermore, 20% of all deaths in Europe are 
due to cancer, with more than 1.7 million annual deaths [3]. 
Cancer is the second most common cause of mortality in Sweden 
(26% of deaths among men and 22% among women) [4] and 
contributes to 60% of the total burden of disease [5]. Among the 
different cancer types, lung cancer is the most common cause of 
cancer death in women, whereas prostate cancer is the most 
common cause of cancer death in men [4]. Mortality due to 
cancer has been shown to be markedly higher among immigrants 
than non-immigrants in a number of countries [6,7,8]. Because of 
the increasing number of transnational migrants, estimated at 
3.1% of the global population in 2010 [9], focused research is 
needed among immigrant populations worldwide to investigate, 
for example, the etiology of diseases, gene-environment interac- 



tions, potential inequalities with respect to access to healthcare 
services, and treatments of interest from a healthcare perspective 
to better optimize the use of resources. In addition, useful 
information regarding the impact of environmental factors on 
mortality could be gained through investigation of cancer 
mortality among foreign-born individuals [10]. 

We evaluated the risks of mortality due to all-site cancer and to 
some common specific (colon, lung, stomach, prostate, breast and 
cervical) cancers in the total Swedish population and in subgroups 
of the large and currently increasing foreign-born population by 
individual birth country, sex, and socioeconomic position (SEP). 

Materials and Methods 

Ethics Statement 

According Swedish law, data recording in national health 
registers, such as the Patient Register and the Cancer Register, 
does not require consent from either patients or healthcare 
providers. It is mandatory to report to these registers, and patients 
cannot refuse to allow registration of their data. Ethical vetting is 
always required when using register data for research in Sweden. 
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This is performed by regional etliical review boards and tlie risk 
appraisal associated with the Law on Public Disclosure and 
Secrecy is carried out by the data holders. The ethical review 
boards can however waive the requirement to consult the data 
subjects directly to obtain their informed consent. According to 
these standards, the Regional Ethical Review Board in Stockholm, 
Sweden has waived the requirement to consult the data subjects 
directly to obtain their informed consent for this project and has 
evaluated and approved the study. 

Data 

We conducted a nationwide cohort study between 1961 and 
2009 using the Migration and Health Cohort that was built by 
Knkage of several Swedish national demographic and health 
registers through the 10-digit unique Swedish personal identifica- 
tion number. The Migration and Health Cohort was created to 
specifically address health status among immigrants and their 
ofispring in Sweden. The data used in this study are fi-om this 
cohort and include the following five registers. 1) The Immigration 
Register contains data on immigration and country of birth. 2) 
The Register of the Total Population at Statistics Sweden contains 
demographic information, country of birth and data on emigration 
and immigration. This register was officially initiated in 1968; 
between 1961 and 1967 population registration was based on 
printed cards sent from the county administrative boards to 
Statistics Sweden [11]. 3) The Cause of Death Register contains 
data on the date and the main cause of death from 1961, and is 
updated yearly [12]. This register is based on the International 
Classification of Diseases (ICD), 7"", 8*, 9*, and 10* revisions 
[13]. The non-reporting rate has been estimated at less than 2% 
[4,14]. In our cohort the proportion of missing data on cause of 
death among individuals who had died was 0.04% overall for the 
entire study period (1961-2009), 0% during the period 1961- 
1990, 0.19% during 1991-2000, and 0% for 2001-2009. 4) The 
Swedish Population and Housing Census contain sociodemo- 
graphic data including country of birth from 1960 to 1990. 5) 
Finally, the longitudinal integration database for health insurance 
and labor market studies contains information on the highest 
attained level of education since 1990 [13,15]. The level of 
education is updated annually from many different sources, most 
of which are other registers at Statistics Sweden or other 
auth()riti(;s. Since 2000, a questionnaire has been sent to foreign- 
born residents with an unknown level of education to request this 
information [16]. 

This study was approved by the Regional Board of The Ethics 
Committee of Stockhobn (Dnr. 2009/2033-32). 

Study cohort 

The study cohort consisted of all individuals (7,109,327 men 
and 6,958,714 women) living in Sweden at any time between 
January 1, 1961 and December 31, 2009. The study cohort 
included two groups: those born outside Sweden, referred to as 
"foreign-born" individuals, and those born within Sweden, 
referred to as "Sweden-born" individuals. The foreign-born group 
consisted of 1,950,551 individuals (13.9%) and the Sweden-born 
group of 12,117,490 individuals (86.1%). 

Follow-up 

The cohort was followed from the beginning of 1 96 1 , the date of 
birth for Sweden-born individuals, or the date of immigration for 
foreign-bom individuals, whichever occurred last, until the date of 
death due to cancer (see Table 1 for ICD codes), the date of first 
emigration, or the end of follow-up (December 31, 2009), 
whichever occurred first. 



Classification of place of birth 

We classified place of birth for foreign-born individuals into six 
continents, whic:h were further subdivided into 19 world regions, 
as defined by the United Nations Population Division as follows: 
Africa (East, Central, North, Southern, and West Africa), Asia 
(East, South-Central, South-East, and Western Asia), Europe 
(Eastern, Northern, Southern, and Western Europe), Latin 
America (Caribbean, Central America, and South America), 
North America, and Oceania (Australia/New Zealand, Melanesia, 
and Micronesia/Polynesia). We further reported data for individ- 
ual countries of birth in which five or more deaths occurred due to 
cancer. 

Classification of SEP 

We used the highest attained education level as an indicator of 
SEP using census data before 1990 and the longitudinal 
integration database for health insurance and labor market studies 
from 1990 onwards. The level of education was divided into four 
categories: 0-9 years, 10-12 years, more than 12 years, and 
unknown. 

Statistical methods 

We calculated aU-site and site-specific cancer mortality rate 
ratio (MRR) with the 95% confidence interval (CI) as a measure of 
relative risk using Poisson regression models. In the multi\'ariable 
models we adjusted for age at follow-up in 19 groups of 5-year 
intervals (0-4, 5-9, 85-89, 90+ years) and calendar period at 
baseline in 10 groups of 5-year intervcds (1961-1965, 2006- 
2009). We also considered marital status as a potential confound- 
ing factor in the models; however, following adjustment estimates 
of the other regression coefficients did not change by more than 
5%. Therefore marital status was not included in the final model. 

In assessing the association between level of education and 
cancer mortality in the MRR analysis, we restricted our cohort to 
individuals aged 30 years or above. Because composition of the 
education groups might have changed over time, we further 
evaluated the effect of education on all-site cancer mortality 
separately by decades of calendar time (1961-1970, 2001- 
2009). 

In addition, we calculated crude cancer mortahty rates (MRs) by 
dividing the number of cases by the observed person-years. Age- 
standardized rates (ASRs) were further calculated using the world 
population as standard [17]. Here we report crude MRs and ASRs 
per 100,000 person-years. 

In a sensitivit}' analysis, we calculated separately the proportion 
of individuals who were 100 years and older among Sweden-born 
and foreign-bom individuals, to gain some understanding of the 
proportion of individuals who may have died without a registered 
date of death and to determine whether this proportion differs 
between the Sweden-born and foreign-born groups, (i.e. assuming 
that these very elderly persons will have died). 

AU analyses were performed for men and women separately. P- 
values of <0.05 were considered statistically significant. Analyses 
were conducted using SAS, version 9.2. 

Results 

During 412,386 million person-years of follow-up between 1961 
and 2009, there were 464,690 all-site cancer deaths among men 
(29,142 foreign-born men) and 417,258 among women (29,537 
foreign-bom women). Foreign-born men and women were on 
average approximately 5 years younger at the time of all-site 
cancer death compared with Sweden-born men and women, 
respectively (mean age±SD: foreign-born men, 66. 7± 12.7 years; 
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Table 1. International Classification of Diseases (ICD) codes for cancer death according to calendar period of study. 





ICD-7 (1961-1968) 


ICD-8 (1969-1986) 


ICD-9 (1987-1996) 


ICD-10 (1997-2009) 


All-site cancers 


140-209 


140-209 


140-208 


C00-C97 


Lung cancer 


162-163 


162-163 


162-163 


C33-C34 


Colon cancer 


153 


153 


153 


C18 


Stomach cancer 


151 


151 


151 


C16 


Breast cancer 


170 


174 


174 


C50 


Cervical cancer 


171 


180 


180 


C53 


Prostate cancer 


177 


185 


185 


C61 


ICD-7, -8, -9, and -10, International Classification of Diseases, 
doi:l 0.1 371/journal.pone.00931 74.t001 


, 8* 9'^ and 10* revisions. 







Sweden-born men, 71.6±12.4 years; foreign-born women, 
67. 2± 13.8 years, Sweden-born women, 71. 0± 13.4 years). The 
mean (±SD) number of years of residence in Sweden was 
16. 2± 15.2 for foreign-born men and 18. 4± 16.3 for foreign-born 
women (data not shown in Tables). The proportions of individuals 
of 100 years of age and older were extremely low and almost 
identical among Sweden-born (0.17%) and foreign-born (0.15%) 
individuals. 

Table 2 shows crude cancer MRs per 100,000 person-years 
among foreign-born and Sweden-born individuals by cancer type 
and sex. All-site cancer MRs were lower in women than in men in 
both Sweden-born and foreign-born groups. Compared with 
Sweden-born men and women, all-site cancer MRs were lower in 
their foreign-born counterparts. 

We observed an overall increasing trend in all-site cancer 
mortahty over the period 1971-1975, regardless of sex and 
country of birth (Figure 1), and a decreasing trend during the 
remaining study period for men regardless of country of birth; no 
changes were observed for women in the past two decades 
(Figure 1). 



All-site cancer mortality decreased with increasing level of 
education irrespective of sex and country of birth (p for trend 
<0.0001) (Table 3). The same pattern was observed in the ASR 
analysis (Figure 2). Overall, the risk of aU-site cancer mortality was 
higher among the least well educated compared with those with a 
higher level of education over the past few decades (data not 
shown). The risk was more prominent among foreign-born than 
Sweden-born men (foreign-born: MRR = 1 .42, 95% CI 1 .36-1 .48; 
Sweden-born: MRR= 1.28, 95% CI 1.27-1.30) but in women, it 
was more noticeable among Sweden-born (Sweden-born: 
MRR= 1.39, 95% CI 1.37-1.41; foreign-born: MRR = 1.28, 
95% CI 1.22-1.33) low versus high education level (Table 3). In 
the stratified analysis by calendar period, we found the same 
pattern of increased risk of all-site cancer mortality among 
individuals with a low level of education for all strata of calendar 
years, except for the years 1961-1970 when the association was 
reversed. Compared with highly educated individuals, mortality 
was decreased in those with a lower level of education, regardless 
of sex and country of birth (p for trend <0.0001) (data not shown). 



Table 2. Crude cancer mortality rate (MR) per 100,000 person-years and 95% confidence interval (CI) in foreign-born and Sweden- 
born men and women by cancer types in Sweden, 1961-2009. 



Foreign-born individuals Sweden-born individuals 



Non-cases* Cases MR (95% CI) Non-cases* Cases MR (95% CI) 



Men 


All-site cancers 


950 113 


29 142 


173.64 (171.65- 
1 75.64) 


5 694 524 


435 548 


232.02 (231.33- 
232.71) 


Colon cancer 


977 370 


1 885 


11.23 (10.72-11.74) 


6 096 549 


33 523 


17.85 (17.66-18.05) 


Lung cancer 


971 339 


7 916 


47.16 (46.13-48.20) 


6 061 613 


68 459 


36.47 (36.19-36.74) 


Stomach cancer 


976 984 


2 271 


13.53 (12.97-14.08) 


6 091 985 


38 087 


20.29 (20.08-20.49) 


Prostate cancer 


976 000 


3 255 


19.39 (18.73-20.06) 


6 044 354 


85 718 


45.66 (45.35-45.96) 


Women 


All-site cancers 


941 759 


29 537 


162.58 (160.73- 
164.44) 


5 599 697 


387 721 


204.36 (203.72- 
205.00) 


Colon cancer 


968 956 


2 340 


12.88 (12.35-13.40) 


5 951 702 


35 716 


18.82 (18.63-19.02) 


Lung cancer 


967 455 


3 841 


21.14 (20.47-21.81) 


5 953 473 


33 945 


17.89 (17.70-18.08) 


Stomach cancer 


969 457 


1 839 


10.12 (9.66-10.58) 


5 962 539 


24 879 


13.11 (12.95-13.27) 


Breast cancer 


966 584 


4 712 


25.93 (25.19-26.67) 


5 925 606 


61 812 


32.58 (32.32-32.83) 


Cervical cancer 


970 381 


915 


5.03 (4.71-5.36) 


5 978 1 06 


9 312 


4.90 (4.80-5.00) 



*Total number of studied individuals excluding those who died due to each type of cancer. 
doi:l 0.1371/journa!.pone.00931 74.t002 



PLOS ONE I www.plosone.org 



3 



March 2014 | Volume 9 | Issue 3 | e93174 



Cancer Mortality, and Socio-Demographic Variables 



180 

> 160 

™ 140 

O 120 

1- 100 
0) 

^ 80 
ra 

" 60 
•R 

40 

20 
0 



< 




Women 



V9 



0^ 



\9 



-Sweden-born-Men 
-Foreign-born-Men 
-Sweden-born-Women 
•Foreign-born-Women 



^-^^^ ..A^"^' .^A^1'' ..A^*' ..A<^*^ ^.A'^'^' ..A'^"^'' ^.^O^" „.,aO^'' ...lO^ 



Calendar period of follow-up 



Figure 1. Age-standardized rate (ASR) of all-site cancer mortality by sex, calendar period of follow-up, and country of birth in 
Sweden, 1961-2009. 

doi:10.1371/journal.pone.0093174.g001 



Foreign-born men had an overall 5% increased all-site cancer 
mortality risk compared with Sweden-born men after adjustment 
for age and calendar period at baseline (MRR= 1.05, 95% CI 
1.04-1.07) (Figure 3 and Table SI), whereas foreign-born and 
Sweden-born women had similar risks (MRR= 1.0, 95% CI 0.98- 
1.01) (Figure 4 and Table S2). Age-specific analysis revealed a 
lower cancer mortality risk among foreign-born women in all age 
strata whereas the increased mortality among foreign-born men 
was limited to those aged between 50 and 70 years (Table 4). 

Compared with Sweden-born men, aU-site cancer mortality was 
higher in men born in other European countries (MRR= 1.07, 
95% CI 1.06-1.09) (Figure 3 and Table SI). Among immigrant 
men from Europe, the highest MRR was observed among those 



born in Bosnia (MRR= 1.68, 95% CI 1.52-1.86) followed by men 
born in the Netherlands, Estonia, Denmark, Finland, the former 
Yugoslavia, and Hungary with around a 10% increased risk, and 
those born in Norway had only a 5% increased risk (MRR = 1 .05, 
95% CI 1 .0 1-1 .09). Men born in other parts of Europe had similar 
MRRs to those born in Sweden, except for men born in Greece 
who had a 26% reduced risk (MRR = 0.74, 95% CI 0.66-0.84) 
(Figure 3 and Table SI). By contrast, men born in Asia and North 
America had 15% and 10%, respectively, lower all-site cancer 
mortality compared with men born in Sweden (Figure 3 and Table 
S 1). Men born in Iran and India had the lowest MRRs with about 
35% statistically significant reduced risk. The only immigrant 
group from these continents who had an increased MRR were 



Table 3. All-site cancer mortality rate ratio (MRR) and 95% confidence interval (CI) by country of birth, sex, and years of education 
in Sweden, 1961-2009. 







Sweden-born Individuals 




Foreign-born individuals 




Cases 


Person-years 


MRR* (95% CI) 


Cases 


Person-years 


MRR*(95% CI) 


Men 


Highest level of education (years)** 


0-9 


144 253 


38 933 778 


1.28 (1.27-1.30) 


9 845 


3 548 210 


1.42 (1.36-1.48) 


10-12 


75 086 


34 402 933 


1.19 (1.17-1.21) 


8 500 


4 330 772 


1.26 (1.21-1.32) 


13+ 


30 898 


18 624 416 


1 


3 426 


2 491 613 


1 


P for trend 






<0.0001 






<0.0001 


Unknown 


181 026 


17 331 776 


1.34 (1.32-1.36) 


7 100 


1 205 782 


1.41 (1.35-1.47) 


Women 


Highest level of education (years)** 


0-9 


138 252 


40 500 445 


1.39 (1.37-1.41) 


11 068 


4 530 404 


1.28 (1.22-1.33) 


10-12 


56 846 


33 111 786 


1.19 (1.17-1.21) 


6 931 


4 238 821 


1.16 (1.11-1.22) 


13+ 


21 869 


1 9 403 289 


1 


2 617 


2 539 887 


1 


P for trend 






<0.0001 






<0.0001 


Unknown 


167 605 


22 349 548 


1.48 (1.46-1.50) 


8 665 


1 591 307 


1.33 (1.27-1.40) 



*MRR values significantly different from 1.0 are highlighted in bold. 

** Only individuals ^30 years old are included and MRRs are adjusted for age at follow-up and calendar period at baseline. 
doi:10.1371/journal.pone.0093174.t003 
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Figure 2. Age-standardized rate (ASR)* of all-site cancer mortality by sex, education level, and country of birth in Sweden, 1961- 
2009. *Only individuals who were >30 years old are included. 
doi:1 0.1 371 /journal.pone.00931 74.g002 



men born in Laos (MRR=3.15, 95% CI 1.31-7.59) and 
Cambodia (MRR = 2.37, 95% CI 1.13-4.99). Overall, men born 
in Africa had a similar MRR to Sweden-born men whereas 
African men born in Angola had a five-fold increased risk 
(MRR = 5.31, 95% CI 2.38-11.8) (Figure 3 and Table SI). 

Women born in all parts of the world had lower or similar 
MRRs compared to women born in Sweden (Figure 4 and Table 
S2) except for those born in Mexico, Iceland, Denmark, Romania, 



and Norway in whom the MRR was elevated. The lowest 
mortality risk (MRR between 0.54 and 0.78) was observed among 
women born in Greece, Iran, Spain, Switzerland, Turkey, and 
Syria (Figure 4 and Table S2). 

Specific cancer types 

Colon cancer. Compared with Sweden-born men and wom- 
en, the crude MR for colon cancer was lower in foreign-born men 



3 




Country of birth 



Figure 3. All-site cancer mortality rate ratio (MRR)* and 95% confidence interval (CI) among foreign-born men by continent, region, 
and country of birth compared with Sweden-born men, 1961-2009. ??? Adjusted for age at follow-up and calendar period at baseline. ^The 
former Czechoslovakia includes Czechoslovakia, Slovakia, and the Czech Republic, '^he former Soviet Union includes Belarus, Moldova, Russian 
Federation, Soviet Union, and Ukraine. '^The former Yugoslavia includes Yugoslavia, Croatia, Macedonia, Serbia, Slovenia, and Montenegro. 
doi:10.1371/journal.pone.0093174.g003 
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Figure 4. All-site cancer mortality rate ratio (MRR)* and 95% confidence interval (CI) among foreign-born women by continent, 
region, and country of birth compared with Sweden-born women, 1961-2009. *Adjusted for age at follow-up and calendar period at 
baseline. *The former Czechoslovakia includes Czechoslovakia, Slovakia, and Czech Republic. 'T'he former Soviet Union includes Belarus, IVloldova, 
Russian Federation, Soviet Union, and Ukraine. The former Yugoslavia includes Yugoslavia, Croatia, IVIacedonia, Serbia, Slovenia, and IVlontenegro. 
doi:l 0.1 371 /journal.pone.00931 74.g004 



(11. 2 versus 17.9 per 100,000 person-years) and women (12.9 versus 
18.9 per 100,000 person-years) (Table 2), and in all age strata in the 
age-specific MRR analysis (Table 4). Furthermore, compared with 
Sweden-born individuals, immigrants had a 9% lower risk of colon 
cancer mortality after multivariable adjustment in both sexes (men: 
MRR = 0.91, 95% CI 0.86-0.96; women: MRR = 0.91, 95% CI 
0.87-0.95). At the country level, a decreased or similar risk of colon 
cancer mortahty was found among men and women bom in all 
studied countries except men bom in Latvia, in whom the risk was 
elevated by 40%, and women bom in Denmark, who had a 30% 
elevated risk (Tables 5 and 6). 

Lung cancer. The crude MR for lung cancer was lower in 
women than in men in both the Sweden-born and foreign-born 
cohorts (Table 2). Compared with Sweden-born men and women, 
the MR was higher in foreign-bom men (47.2 versus 36.5 per 
100,000 person-years) and women (21.1 versus 17.9 per 100,000 
person-years) (Table 2). Age-specific MRR analysis revealed that 
these increases in risk among foreign-born individuals were 
confined to men older than 40 years and women older than 70 
years of age (Table 4). The risk remained higher in foreign-born 
individuals even after multivariable adjustment for education level, 
age, and calendar period at baseline (Tables 5 and 6). In the 
analysis by specific birth country, we observed increased or similar 
lung cancer mortality among men born in all studied countries of 
birth except for those born in Iran, in whom MRR was reduced by 
55% (Table 5). Compared with women born in Sweden, lung 
cancer mortality was higher in women bom in almost all countries 
in Europe but similar or lower in women born in African, Asian 
and Latin American countries (Table 6). 

Stomach cancer. The crude MR for stomach cancer was 
lower in women than in men regardless of country of birth. 



Mortality was lower in foreign-born men and women younger 
than 50 years of age, but higher among those 50 years of age and 
older, compared with Sweden-born men and women, respectively 
(Tables 2 and 4). 

Overall foreign-born men and women had similar risks of 
stomach cancer mortality compared with Sweden-born men and 
women, respectively after multivariable adjustment for education 
level, age, and calendar period at baseline (Tables 5 and 6). At the 
country level, stomach cancer mortality was higher in men bom in 
Chile, Bosnia, Estonia, the former Stniet LTnion, the former 
Yugoslavia, and Poland and lower or similar in men born in the 
remaining countries studied, compared with Swi'dcn-l)orn men 
(Table 5). Women in most part of Asia and Northern Europe had 
higher risks whereas women bom in other countries worldwide 
had similar stomach cancer mortality compared with Sweden- 
bom women (Table 6). 

Prostate cancer. Foreign-born men had lower MRs and 
MRRs for prostate cancer and in all age groups and in almost all 
countries, compared with men born in Sweden (Tables 2, 4 and 5). 
Foreign-born men had an overall 30% lower risk of prostate 
cancer mortality compared with Sweden-bom men after adjust- 
ment for education level, age, and calendar period at baseline 
(MRR = 0.72, 95% CI 0.69-0.74). 

Breast cancer. The same lower pattern in forcign-l)orn 
compared with Sweden-born individuals as for prostate cancer 
mortality was observed for breast cancer mortality (Tables 2, 4 and 
6). Compared with Sweden-born women, foreign-born women 
had an overall 8% lower risk of breast cancer mortality after 
adjustment for level of education, age, and calendar period at 
baseline (MRR = 0.92, 95% CI 0.89-0.95). This reduction in risk 
was noted for all age groups (Table 4). A reduction in risk was also 
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Table 4. Cancer mortality rate ratio (MRR) and 95% confidence interval (CI) in foreign-born compared with Sweden-born men and 
women by cancer type, sex, and age at follow-up in Sweden, 1961-2009. 





Age at 
follow-up** 


All-site cancers 


Colon cancer 


Lung cancer 


Stomach cancer 


Prostate cancer 




Men 


MRR* (95% CI) 


IVIRR* (95% CI) 


MRR* (95% CI) 


MRR* (95% CI) 


MRR* (95% CI) 




0-9 


0.24 (0.17-0.35) 


- 


- 


- 


- 




10-19 


0.24 (0.19-0.30) 


- 


- 


- 


- 




20-29 


0.15 (0.12 0.17) 


0.12 (0.04-0.30) 


0.45 (0.22-0.88) 


0.55 (0.24-1.23) 






30-39 


0.44 (0.40-0.49) 


n Oil In oo n eo\ 

0.34 (0.23-0.52) 


n r" n m >io n oot 

0.58 (0.42-0.82) 


O.oy (0.64-1 .24) 






40-49 


n In Ti n 

U./3 lu./i-u./yj 


n yn In oo n ca\ 
U.4/ tU.3/-U.Dyj 


■1 /I 13 1 Jtn^ 


n TO In £C n not 
U./o IU.03-U.73J 


n CO In 1 m \ 
U.DO 1 .U 1 ) 




50-59 


1.U/ n.oj-i.iu) 


n In n oot 




1.14 n.u^-i.^/j 


n m In £3 n o£l 
U./4 lU.D3-U.OOJ 




60-69 


i i #1 /i no 1 -lot 
1 .1 U \l .Uo-1 ,H} 


U.y4 tU.OD- 1 .UJJ 


■1 71 /I £^ 1 70( 

l./l (1.04-1./I5J 


■1 00 /I -Id 1 Jtn\ 

1.^7 n.i"-i.4u) 


n £E In ^n n ^n\ 
U.03 (U.OU-U./UJ 




70-79 


u.yy (u.y/- 1 .uzj 


n oo In oi n nc\ 
U.tSo (U.01-U.70J 


1 CO f1 1 £Et 

1.3fS (1.3^-1.03] 


1 10 fi t n 1 ^ol 

n.iu-i.^9i 


n In £T n 
U.OO lU.O^-U./UJ 




80+ 


n -jn in -rg^ nail 
U./7 lU./O— U.o 1 ) 


n Q1 m 70 n nn\ 
U.O 1 1U./3— U.yUJ 




n QQ QQ 1 1 
u.yy (u.iJB— 1 . 1 uj 


n EQ tn EE n 
U.3o IU.33— U.O^j 






All-site cancers 


Colon cancer 


Lung cancer 


stomach cancer 


Breast cancer 


Cervical cancer 


Women 


IVIRR* (95% CI) 


MRR* (95% CI) 


MRR* (95% CI) 


MRR* (95% CI) 


MRR* (95% CI) 


MRR* (95% CI) 


0-9 


0.30 (0.22-0.42) 


- 


- 


- 


- 


- 


10-19 


0.22 (0.21-0.28) 












20-29 


0.21 (0.18 0.25) 


0.34 (0.16 0.72) 


0.45 (0.20-1.03) 


0.58 (0.29-1.15) 


0.51 (0.30-0.86) 




30-39 


0.41 (0.38-0.45) 


0.26 (0.17-0.41) 


0.54 (0.37-0.79) 


0.90 (0.66-1.24) 


0.49 (0.41-0.57) 


0.30 (0.23-0.38) 


40-49 


0.63 (0.60-0.66) 


0.57 (0.46-0.70) 


0.82 (0.72-0.95) 


1 .04 (0.87-1 .25) 


0.68 (0.62-0.74) 


0.57 (0.48-0.68) 


50-59 


0.79 (0.77-0.81) 


0.73 (0.64-0.82) 


0.80 (0.74-0.87) 


1.18 (1.03-1.35) 


0.79 (0.74-0.84) 


1.00 (0.86-1.17) 


60-69 


0.92 (0.90-0.94) 


0.84 (0.76-0.92) 


1.02 (0.96-1.09) 


1.23 (1.10-1.36) 


0.87 (0.82-0.93) 


1.37 (1.19-1.58) 


70-79 


0.95 (0.93-0.97) 


0.90 (0.83-0.96) 


1.24 (1.17-1.32) 


1.14 (1.04-1.24) 


0.84 (0.78-0.89) 


1.27 (1.08-1.49) 


80+ 


0.88 (0.86-0.90) 


0.86 (0.79-0.93) 


1.29 (1.18-1.41) 


1.00 (0.90-1.11) 


0.77 (0.71-0.83) 


1.09 (0.87-1.37) 



*Mortality rate ratios (MRRs) are adjusted for calendar period of follow-up and level of education. The reference group is Sweden-born individuals. MRR values 
significantly different from 1.0 are highlighted in bold. 
**Categorles with at least five cases of cancer mortality. 
doi:1 0.1 371 /journal.pone.00931 74.t004 



observed among foreign-born women from all countries except 
Mexico, Belgium, Canada, Iraq, and the USA, in whom breast 
cancer MRR values were increased (Table 6). 

Cervical cancer. In contrast to breast cancer, the cervical 
cancer MR and MRR were both higher in foreign-born women 
compared to those born in Sweden (Tables 2 and 6), but only 
among women older than 60 years of age (Table 4). In the 
country-specific analysis, we observed higher cervical cancer 
mortality in women born in almost aU countries studied with the 
highest mortality in those born in Vietnam, followed by India, 
Romania, Latvia, Denmark, Norway, and the former Czechoslo- 
vakia (Table 6). 

Discussion 

In this nationwide cohort study we observed an overall 
downward trend in all-site cancer mortality among men over the 
past three decades but no change among women over the past two 
decades, regardless of country of birth. We further found a 
consistently higher risk of aU-site cancer mortality among individ- 
uals with a low level of education compared with those who were 
more highly educated regardless of sex and country birth over the 
entire study period. AU-site cancer mortality was overall slightly 
increased among foreign-born men compared with Sweden-bom 
men, whereas foreign-born women had a similar risk for all-site 
cancer mortality compared with Sweden-bom women. The results 
varied for site-specific cancers. Foreign-born individuals had lower 



risks of colon, prostate, and breast cancer mortality but higher lung 
and cervical cancer mortality compared with the Sweden-born 
group. 

The present study is based on the total population of Sweden 
with a mixed group of foreign-born individuals and complete 
information on country of birth. We had complete information 
from foUow-up during the past five decades through linkage 
between several unique and high-quality Swedish registers. The 
quality of the data in the Cause of Death Register varies, mainly 
according to the quality of the assessment of the cause of death and 
the accuracy with which the physician has filled out the death 
certificate. However, it has been shown that the underlying cause 
of death for malignant neoplasms is up to 90% reliable [18]. 

The observed increased risk of all-site cancer mortality among 
individuals of either sex with a low level of education during all 
study periods, except the years 1961-1970, is in line with the 
results of studies conducted in Australia and Spain [19,20]. This 
finding could be due in part to death from cancers with a poor 
prognosis and a higher prevalence among individuals with a low 
SEP, such as stomach cancer [19,21], different health-seeking 
behavior leading to late-stage cancer at diagnosis, or less favorable 
lifestyles [22] and related comorbidities, leading to increased 
mortality in this group. The observed reverse association between 
mortality and education (i.e. decreased mortality with decreasing 
level of education during the period 1960-1970) is in line with the 
results of studies from Barcelona, Spain and from Puerto Rico 
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Table 5. Cancer mortality rate ratio (MRR) and 95% confidence interval (CI) in 
cancer type in Sweden, 1961-2009. 


men by continent, region, and 


country of birth and 




Country of birth** 


Colon cancer 


Lung cancer 


stomach cancer 


Prostate cancer 




MRR* (95% CI) 


MRR* (95% CI) 


MRR* (95% CI) 


MRR* (95% CI) 


Sweden 1 1 11 


Outside Sweden 


0.91 (0.86-0.96) 


1.65 (1.60-1.69) 


0.99 (0.95-1 .04) 


0.72 (0.69-0.74) 


Africa 


0.70 (0.45-1.11) 


1.07 (0.86-1.33) 


0.76 (0.48-1.18) 


0.74 (0.49-1.09) 


Eastern Africa 




0.75 (0.49-1.15) 


0.57 (0.23-1.38) 


0.72 (0.36-1.46) 


Ethiopia 




0.95 (0.49-1.84) 






Somalia 




0.86 (0.38-1.94) 






North Africa 


0.59 (0.28-1.24) 


1.17 (0.85-1.61) 


0.80 (0.41-1.56) 


0.42 (0.19-0.88) 


Algeria 




0.98 (0.40-2.36) 






Egypt 




1.30 (0.71-2.35) 






Morocco 




1.02 (0.56-1.85) 






Tunisia 




1.49 (0.77-2.87) 






Southern Africa 




1.34 (0.64-2.81) 




1.00 (0.41-2.42) 


South Africa 




1 .40 (0.66-2.94) 




1 .02 (0.42-2.46) 


Western Africa 




1 .64 (0.95-2.84) 






Gambia 




1 .86 (0.77-4.48) 






Asia 


0.59 (0.46-0.75) 


1.01 (0.91-1.13) 


0.89 (0.72-1.10) 


0.39 (0.31-0.49) 


Eastern Asia 


0.84 (0.47-1.50) 


0.71 (0.48-1.05) 


1.06 (0.62-1.81) 


0.52 (0.32-0.84) 


China 


0.82 (0.42-1 .59) 


0.77 (0.50-1.18) 


0.92 (0.48-1 .79) 


0.44 (0.25-0.79) 


South_Central Asia 


0.59 (0.39-0.90) 


0.47 (0.36-0.61) 


0.55 (0.35-0.86) 


0.42 (0.29-0.62) 


India 




0.62 (0.34-1.12) 






Iran 


0.64 (0.40-1 .04) 


0.45 (0.33-0.62) 


0.72 (0.43-1.21) 


0.49 (0.31-0.76) 


South_Eastern Asia 


0.82 (0.46-1 .48) 


1.17 (0.81.1.68) 


0.77 (0.34-1 .73) 




Indonesia 




1.57 (0.75-3.31) 






Vietnam 




1.03 (0.61-1.76) 






Western Asia 


0.56 (0.40-0.78) 


1.35 (1.19-1.54) 


1.12 (0.87-1.43) 


0.28 (0.20-0.39) 


Iraq 


0.64 (0.36-1.15) 


1.13 (0.87-1.46) 


1.20 (0.74-1.96) 


0.30 (0.15-0.60) 


Lebanon 




1.41 (0.99-2.02) 


1.03 (0.45-2.33) 




Palestinian territories 




1.36 (0.73-2.54) 






Syrian Arab Republic 




1.75 (1.30-2.36) 


1.16 (0.57-2.37) 


0.34 (0.14-0.83) 


Turkey 


0.51 (0.32-0.82) 


1.51 (1.27-1.80) 


1.34 (0.97-1.86) 


0.23 (0.15-0.37) 


Europe 


0.92 (0.87-0.97) 


1.70 (1.65-1.75) 


1.01 (0.97-1.06) 


0.72 (0.69-0.75) 


Eastern Europe 


1.02 (0.89-1.16) 


1.55 (1.44-1.66) 


1.18 (1.05-1.33) 


0.60 (0.54-0.67) 


Bulgaria 




1.11 (0.64-1.93) 


1.19 (0.49-2.88) 




Former Czechoslovakia^ 


1.03 (0.75-1.43) 


1.55 (1.29-1.85) 


1.12 (0.82-1.52) 


0.66 (0.50-0.86) 


Former Soviet Union*^ 


1.00 (0.76-1.31) 


1.57 (1.35-1.82) 


1.53 (1.24-1.88) 


0.66 (0.54-0.81) 


Hungary 


1.03 (0.80-1.33) 


1.83 (1.62-2.08) 


0.93 (0.72-1 .20) 


0.63 (0.51-0.79) 


Poland 


1.12 (0.89-1.39) 


1.36 (1.19-1.55) 


1.25 (1.01-1.54) 


0.53 (0.43-0.65) 


Romania 


0.51 (0.26-1.00) 


1.64 (1.29-2.08) 


0.95 (0.55-1 .62) 


0.51 (0.32-0.82) 


Northern Europe 


0.92 (0.87-0.98) 


1.78 (1.72-1.83) 


1.03 (0.97-1.09) 


0.77 (0.74-0.81) 


Denmark 


0.95 (0.83-1 .08) 


1.93 (1.81-2.06) 


0.66 (0.56-0.77) 


0.72 (0.65-0.80) 


Estonia 


1.12 (0.96-1.32) 


1.51 (1.37-1.66) 


1.55 (1.36-1.77) 


0.82 (0.73-0.92) 


Finland 


0.77 (0.69-0.85) 


1.99 (1.91-2.08) 


1.07 (0.99-1.17) 


0.75 (0.69-0.80) 


Iceland 




1.92 (1.17-3.15) 






Latvia 


1.40 (1.00-1.95) 


1.03 (0.78-1.36) 


1.11 (0.78-1.57) 


0.86 (0.67-1.12) 


Lithuania 




1.88 (1.04-3.40) 




0.80 (0.36-1.79) 


Norway 


1 .08 (0.94-1 .24) 


1.36 (1.25-1.48) 


1.01 (0.88-1.16) 


0.84 (0.76-0.93) 


UK 


0.98 (0.66-1.47) 


1.07 (0.84-1.38) 


0.92 (0.60-1 .40) 


0.67 (0.47-0.94) 
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Table 5. Cont. 





Country of birth** 




tuiiy l.clll(.cr 


Jl(Jllldl.ll (.cllil.cr 






KIRR* (95% CI) 


MRR* (95% CI) 


MRR* (95% CI) 


MRR* (95% CI) 


Southern Europe 


0.76 (0.64-0.90) 


1.84 (1.71-1.97) 


1.15 (1.01-1.32) 


0.39 (0.33-0.46) 


Bosnia 


1.18 (0.75-1.85) 


2.64 (2.20-3.15) 


2.08 (1.41-3.07) 


0.54 (0.33-0.87) 


Former Yugoslavia*^ 


0.70 (0.55-0.89) 


1.95 (1.78-2.15) 


1.36 (1.13-1.62) 


0.41 (0.32-0.52) 


Greece 


0.73 (0.47-1.12) 


1.23 (0.98-1.50) 


0.80 (0.53-1.21) 


0.22 (0.12-0.41) 


Italy 


0.78 (0.55-1.12) 


1.93 (1.65-2.26) 


0.79 (0.56-1.12) 


0.34 (0.24-0.48) 


Portugal 


- 


0.81 (0.42-1.56) 


- 


- 


Spain 


0.58 (0.27-1.22) 


1.49 (1.10-2.00) 


0.63 (0.31-1.26) 


0.45 (0.24-0.85) 


Western Europe 


0.92 (0.81-1.05) 


1.41 (1.31-1.51) 


0.75 (0.66-0.86) 


0.75 (0.68-0.82) 


Austria 


0.83 (0.57-1.19) 


1.45 (1.20-1.75) 


1.00 (0.73-1.37) 


0.54 (0.40-0.73) 


Belgium 


- 


1.85 (1.02-3.34) 


- 


0.94 (0.42-2.10) 


France 


1.37 (0.82-2.27) 


0.96 (0.64-1.45) 


0.60 (0.28-1 .26) 


0.92 (0.61-1.39) 


Germany 


0.95 (0.82-1.11) 


1.34 (1.23-1.46) 


0.78 (0.67-0.92) 


0.75 (0.67-0.84) 


Netherlands 


0.72 (0.41-1.27) 


2.44 (1.99-3.01) 


0.38 (0.18-0.81) 


0.87 (0.61-1.22) 


Switzerland 


0.71 (0.32-1.60) 


1.30 (0.87-1.95) 


- 


1.03 (0.66-1.60) 


Latin America 


0.69 (0.45-1.07) 


0.95 (0.77-1.18) 


1.53 (1.12-2.08) 


0.88 (0.65-1.19) 


Caribbean 


- 


- 


- 


1 .78 (0.74-4.29) 


Central America 


- 


0.88 (0.36-2.12) 


- 


- 


South America 


0.70 (0.45-1.10) 


0.98 (0.78-1.22) 


1.67 (1.21-2.31) 


0.73 (0.53-1.03) 


Argentina 




1.20 (0.62-2.31) 






Chile 


0.56 (0.29-1 .06) 


0.95 (0.71-1.27) 


2.54 (1.75-3.70) 


0.78 (0.51-1.20) 


Colombia 




1.55 (0.64-3.75) 






Uruguay 




1.87 (1.08-3.24) 






North America 


0.94 (0.74-1.18) 


0.99 (0.85-1.16) 


0.59 (0.45-0.79) 


0.90 (0.77-1-04) 


Canada 




0.53 (0.22-1.28) 




0.89 (0.44-1.78) 


USA 


0.95 (0.75-1.21) 


1.03 (0.87-1.21) 


0.61 (0.46-0.81) 


0.89 (0.77-1.04) 



*Mortality rate ratios (MRRs) are adjusted for age at follow-up and calendar period at baseline. The reference group is Sweden-born men. MRR values significantly 
different from 1.0 are highlighted in bold. 

**Continents, regions, and countries with at least five cases of cancer mortality. 

^The former Czechosloval<ia includes Czechosloval<ia, Sloval<ia, and the Czech Republic. 

"^The former Soviet Union includes Belarus, Moldova, Russian Federation, Soviet Union, and Ukraine. 

*^The former Yugoslavia includes Yugoslavia, Croatia, Macedonia, Serbia, Slovenia, and Montenegro. 

doi:1 0.1 371/journal.pone.00931 74.t005 



[23,24]. However, this finding should be interpreted with caution, 
as the missing percentage of information on level of education was 
higher during the first decade of the present study (1960-1970) 
compared with other periods. 

The finding of increased risk of all-site cancer mortality among 
all foreign-born men is in contrast with the results from some 
previous studies [7,8]. However, similar to our findings, higher all- 
site cancer mortality among men born in West Africa has been 
reported from the UK [25,26] . The lower all-site cancer mortality 
among men born in Asia and in South East Asia in particular, in 
our study has been reported previously [25,27,28]. Our finding of 
a higher risk among men born in Eastern and Southern Europe is 
in contrast to results reported from Spain [8,28,29]. 

The similar risk of all-site cancer mortality among all foreign- 
born women in our study is in line with results from some studies 
[7,33], but in contrast to others [8,29,30]. Similar lower all-site 
cancer mortality risks among women born in Turkey, Asia, South 
East Asia, Italy, East and North Africa, Southern Europe, 
and in South America have been reported previously 
[8,25,26,27,29,31,32,33,34]. In contrast to our results, all-site 



cancer mortality was reported to be lower in Mexican women 
living in the USA than in women born within America [35]. 
However, the fact that in many cases death certificates in the USA 
are unavailable, especially in the southern states with a large 
population of mainly Mexican immigrants [35], might have 
resulted in decreased mortality in immigrants in the American 
study. 

It has been proposed that a lack of reporting of emigration back 
to their country of origin among elderly iU foreign-born individuals 
prior to death may be associated with some of the observed 
decreased mortality in this group [34,36,37]. However, the 
opposite findings of increased mortality in foreign-born men and 
similar mortahty risk in foreign-born women, compared with 
Sweden-born individuals, do not support this hypothesis. In 
addition the results of the sensitivity analysis revealed a very low 
and similar proportion of Sweden-born and foreign-born individ- 
uals who were 1 00 years of age and older; thus further refuting the 
hypothesis of non-reported emigration of older foreign-born men 
and women. 
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Table 6. Cancer mortality rate ratio (MRR) and 95% confidence interval (CI) in women 
and cancer type in Sweden, 1961-2009. 


by continent, region, and country of birth 




Country of birth** 


Colon cancer 


Lung cancer 


Stomach cancer 


Breast cancer 


Cervical cancer 




MRR* (95% CI) 


MRR* (95% CI) 


MRR* (95% CI) 


MRR* (95% CI) 


MRR* (95% CI) 


Sweden 111 11 


Outside Sweden 


0.91 (0.87-0.95) 


1.34 (1.29-1.40) 


1.03 (0.98-1.09) 


0.92 (0.89-0.95) 


1.22 (1.14-1.32) 


Africa 


0.49 (0.25-0.96) 


0.71 (0.54-1.12) 


0.49 (0.21-1.10) 


0.97 (0.72-1 .30) 


0.53 (0.21-1.29) 


Eastern Africa 




0.67 (0.36-1.22) 




1.11 (0.77-1.61) 




Eritrea 








1.42 (0.58-3.45) 




Ethiopia 








1 .50 (0.82-2.73) 




Somalia 








0.71 (0.31-1.61) 




North Africa 








0.78 (0.42-1.46) 




Morocco 








1 .09 (0.45-2.63) 




Southern Africa 








1.50 (0.67-1.34) 




South Africa 








1 .56 (0.70-3.48) 




Asia 


0.61 (0.48-0.78) 


0.77 (0.64-0.92) 


1.26 (1.00-1.58) 


0.77 (0.66-0.89) 


0.68 (0.47-0.98) 


Eastern Asia 


1.01 (0.61-1.66) 


1.25 (0.85-1.84) 


1.72 (1.05-2.80) 


0.58 (0.37-0.90) 


1 .04 (0.46-2.34) 


China 


0.82 (0.42-1.59) 


1.57 (1.01-2.43) 


1 .06 (0.50-2.25) 


0.64 (0.37-1.11) 




Korean_Republic 






6.16 (2.75-13.8) 






South_Central Asia 


0.37 (0.22-0.62) 


0.46 (0.32-0.67) 


0.90 (0.57-1.42) 


0.84 (0.65-1.07) 


0.51 (0.25-1.03) 


India 


0.95 (0.39-2.29) 






0.78 (0.40-1.51) 


2.49 (1.03-6.05) 


Iran 


0.24 (0.11-0.50) 


0.50 (0.32-0.78) 


1.04 (0.61-1.76) 


0.94 (0.71-1.26) 




South_Eastern Asia 


0.82 (0.46-1.48) 


0.83 (0.54-1 .29) 


1.85 (1.12-3.06) 


0.72 (0.50-1 .03) 


1.46 (0.81-2.61) 


Philippines 








0.72 (0.32-1.62) 




Thailand 




1.40 (0.75-2.64) 


2.72 (1.27-5.86) 


0.97 (0.58-1 .63) 




Vietnam 


0.83 (0.34-2.03) 


0.57 (0.23-1.39) 


2.73 (1.38-5.38) 


0.45 (0.20-1.01) 


3.10 (1.43-6.71) 


Western Asia 


0.56 (0.40-0.78) 


0.71 (0.55-0.90) 


1.29 (0.95-1.75) 


0.79 (0.65-0.96) 


0.37 (0.19-0.72) 


Iraq 


1.04 (0.61-1.76) 


0.61 (0.37-1.01) 


0.74 (0.35-1.54) 


1.34 (1.00-1.81) 




Lebanon 


0.75 (0.30-1.84) 


1.11 (0.60-2.03) 




0.91 (0.53-1.55) 




Syrian Arab Republic 




0.39 (0.16-0.95) 


1.99 (1.00-3.93) 


0.97 (0.60-1.55) 




Turkey 


0.37 (0.22-0.64) 


0.79 (0.57-1.11) 


1.75 (1.21-2.52) 


0.44 (0.30-0.63) 


0.63 (0.28-1.44) 


Europe 


0.91 (0.87-0.96) 


1.37 (1.32-1.43) 


1.05 (0.99-1.10) 


0.92 (0.88-0.95) 


1.24 (1.15-1.34) 


Eastern Europe 


1.01 (0.89-1.14) 


1.24 (1.12-1.38) 


1.12 (0.97-1.30) 


0.94 (0.83-1 .03) 


1.18 (0.95-1.47) 


Bulgaria 


1.14 (0.47-2.77) 


1 .07 (0.48-2.40) 




1.17 (0.63-2.19) 




Former Czechoslovakia^ 


1.02 (0.73-1.42) 


1.07 (0.79-1.46) 


0.86 (0.55-1.36) 


1.06 (0.83-1.35) 


1.84 (1.12-3.01) 


Former Soviet Union*^ 


1.16 (0.94-1.44) 


0.82 (0.63-1 .06) 


1.48 (1.17-1.87) 


0.74 (0.60-0.91) 


0.88 (0.53-1 .48) 


Hungary 


1.05 (0.80-1.37) 


1.63 (1.33-2.01) 


0.85 (0.58-1.23) 


1.02 (0.84-1.24) 


1.04 (0.62-1.73) 


Poland 


0.91 (0.74-1.12) 


1.38 (1.18-1.61) 


1.05 (0.82-1.35) 


0.95 (0.83-1.10) 


1.05 (0.73-1.52) 


Romania 


0.72 (0.43-1.22) 


1.54 (1.11-2.13) 


1.65 (1.04-2.63) 


1.20 (0.88-1.63) 


2.17 (1.20-3.92) 


Northern Europe 


0.91 (0.86-0.96) 


1.46 (1.40-1.52) 


1.06 (1.00-1.13) 


0.90 (0.86-0.94) 


1.31 (1.20-1.43) 


Denmark 


1.29 (1.13-1.46) 


2.46 (2.24-2.69) 


0.81 (0.66-0.98) 


1.03 (0.93-1.14) 


1.92 (1.58-2.35) 


Estonia 


1.13 (0.97-1.32) 


0.97 (0.81-1.15) 


1.54 (1.31-1.81) 


0.79 (0.68-0.92) 


1.34 (0.99-1.82) 


Finland 


0.71 (0.65-0.77) 


1.31 (1.24-1.39) 


1.11 (1.02-1.20) 


0.89 (0.84-0.93) 


1.00 (0.88-1.14) 


Iceland 




3.31 (1.95-5.60) 




1 .57 (0.89-2.78) 




Latvia 


1.21 (0.86-1.70) 


1.21 (0.84-1.75) 


1.12 (0.73-1.73) 


0.79 (0.57-1.11) 


1.93 (1.07-3.50) 


Norway 


1.01 (0.91-1.13) 


1.51 (1.38-1.65) 


0.95 (0.83-1.09) 


0.88 (0.82-0.97) 


1.89 (1.61-2.22) 


UK 


1.32 (0.94-1.87) 


1.25 (0.88-1.76) 


0.54 (0.28-1.05) 


1.09 (0.83-1.43) 


0.85 (0.38-1.90) 


Southern Europe 


0.67 (0.55-0.82) 


1.05 (0.91-1.21) 


1.17 (0.96-1.42) 


0.90 (0.80-1.01) 


1.04 (0.79-1.37) 


Bosnia 


0.96 (0.62-1.47) 


1.65 (1.24-2.19) 


1.68 (1.07-2.63) 


0.99 (0.75-1.31) 


1.25 (0.67-2.34) 


Former Yugoslavia*^ 


0.66 (0.51-0.86) 


1.06 (0.88-1.26) 


1.25 (0.96-1.62) 


0.99 (0.86-1.15) 


1.27 (0.92-1.77) 


Greece 


0.46 (0.24-0.89) 


0.30 (0.15-0.61) 


0.69 (0.41-1.53) 


0.76 (0.54-1.06) 
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Table 6. Cont. 





Country of birth** 


Colon cancer 


Lung cancer 


Stomach cancer 


Breast cancer 


Cervical cancer 




MRR* (95% CI) 


MRR* (95% CI) 


MRR* (95% CI) 


MRR* (95% CI) 


MRR* (95% CI) 


Italy 


0.64 (0.37-1.10) 


1.29 (0.88-1.90) 


0.88 (0.50-1.56) 


0.69 (0.47-1.02) 




Portugal 








1.19 (0.64-2.22) 




Spain 




0.94 (0.50-1.76) 


1 .05 (0.47-2.34) 


0.74 (0.44-1.25) 




Western Europe 


0.93 (0.83-1.04) 


1.13 (1.02-1.25) 


0.88 (0.77-1.02) 


0.99 (0.91-1.07) 


1 .02 (0.83-1 .26) 


Austria 


0.73 (0.49-1 .09) 


1.06 (0.76-1.47) 


1.03 (0.69-1.54) 


1.17 (0.93-1.48) 


1.09 (0.58-2.03) 


Belgium 


_ 


_ 


_ 


2.10 (1.22-3.63) 


_ 


France 


0.79 (0.42-1 .47) 


0.79 (0.42-1.47) 


0.70 (0.31-1.57) 


1.09 (0.73-1.61) 


1 .46 (0.60-3.52) 


Germany 


0.97 (0.86-1.10) 


1.15 (1.03-1.29) 


0.93 (0.80-1.08) 


0.94 (086-1.04) 


0.99 (0.78-1 .25) 


Netherlands 


1.01 (0.57-1.79) 


1.41 (0.89-2.25) 




1.81 (0.81-1.72) 


1.71 (0.76-3.82) 


Switzerland 




0.93 (0.41-2.07) 




0.95 (0.52-1.71) 




Latin America 


0.61 (0.46-1.00) 


1.03 (0.79-1.34) 


1.04 (0.70-1.56) 


0.76 (0.59-0.96) 


1.14 (0.69-1.89) 


Central America 




1.30 (0.54-3.15) 




1.15 (0.54-2.44) 




Mexico 








2.91 (1.21-7.01) 




South America 


0.66 (0.44-1.00) 


0.92 (0.69-1.22) 


1.00 (0.65-1.55) 


0.72 (0.56-0.94) 


1.01 (0.58-1.76) 


Argentina 


- 


0.96 (0-40-2.32) 


- 


1 .06 (0.55-2.04) 


- 


Bolivia 








1.37 (0.56-3.30) 




Brazil 




3.37 (1.86-6.10) 




1 .46 (0.76-2.82) 




Chile 


0.82 (0.42-1 .59) 


0.95 (0.66-1.37) 


1.30 (0.77-2.19) 


0.53 (0.36-0.80) 


1 .08 (0.52-2.24) 


Uruguay 








1.19 (0.59-2.39) 




North America 


1.00 (0.81-1.23) 


0.94 (0.76-1.17) 


0.75 (0.56-1.00) 


1.21 (1.05-1.40) 


1.01 (0.66-1.55) 


Canada 




1.42 (0.67-2.98) 




1.90 (1.18-3.06) 




USA 


1.00 (0.81-1.24) 


0.91 (0.72-1.15) 


0.76 (0.56-1.02) 


1.17 (1.00-1.37) 


1.04 (0.67-1.61) 



*Mortality rate ratios (MRRs) are adjusted for age at follow-up and calendar period at baseline. The reference group is Sweden-born women. 

**Contlnents, regions, and countries with at least five cases of cancer mortality. 

^The former Czechoslovakia includes Czechoslovakia, Slovakia, and the Czech Republic. 

'^The former Soviet Union includes Belarus, Moldova, Russian Federation, Soviet Union, and Ukraine. 

'^The former Yugoslavia Includes Yugoslavia, Croatia, Macedonia, Serbia, Slovenia, and Montenegro. 

doi:l 0.1 371/journal.pone.00931 74.t006 



Specific cancer types 

Colon cancer. The finding of lower risk of colon cancer 
mortality among foreign-born men and women from Southern 
Europe and Turkey is in line with the results of other studies [8] . 
In contrast to our finding, higher risks of colon cancer mortality 
were observed among foreign-born men and women from Middle 
Eastern countries in a study in California [38]. The differences in 
colon cancer mortality risk might be due to diflFerences in lifestyle- 
related factors including diet and alcohol consumption which are 
most likely to play an important role in the reported colon cancer 
mortality risks [8,39,40]. 

Lung cancer. The finding of higher lung cancer mortality in 
foreign-born men from the former Soviet Union and Southern 
Europe in our study is in line with the results of previous studies 
[6,28]. In contrast to our results, lower risks among foreign-born 
men from Asia, Western Africa, and Turkey and among foreign- 
born women from Eastern Europe were observed in other studies 
[6,25,26,31,36]. Our finding of a lower risk of lung cancer 
mortality among foreign-born women from Asia and South 
America is also in agreement with reported results from the 
Netherlands [8,25,26,29]. The prevalence of smoking, the causal 
risk factor for lung cancer [6,26,41], and genetic susceptibility [40] 
are the most probable explanations for the observed risk 
dilferences among foreign-born compared with Sweden-born 
men and women. Unfortunately, reliable data at the national 



level on smoking habits among foreign-born individuals in Sweden 
are lacking. However a cross-sectional survey in Stockholm 
County in 2006 showed a higher prevalence of daily smoking 
among women born in Eastern Europe, Turkey, Bosnia, and 
Finland, and a lower prevalence among women born in parts of 
Southern and Central Africa, compared with Sweden-born 
women [42]. 

Stomach cancer. Our findings of higher stomach cancer 
mortality risks in men born in Eastern Europe and South America 
and women born in most countries in Asia, compared with 
Sweden-born individuals, are supported by previous observations 
[6,27,31,33,40,43,44,45]. The higher risk of stomach cancer 
mortality among foreign-born individuals could be explained by 
the following factors, in addition to genetic variation: an increased 
incidence of this cancer as a result of a higher prevalence of 
Helicobacter pylori infection; and different dietary habits such as a 
higher consumption of salty foods [6,31]. 

Prostate cancer. The observed lower risk of prostate cancer 
mortality among foreign-born men, which was also found in 
immigrants in other parts of the world [6,8,25,39,40,46,47,48], 
might be due to a true lower incidence of prostate cancer [26,49] 
or to undetected prostate cancer among foreign-born men as a 
result of a lack of awareness among this group of the prostate- 
specific antigen test. In contrast to our finding, a higher risk among 



PLOS ONE I www.plosone.org 



11 



March 2014 | Volume 9 | Issue 3 | e93174 



Cancer Mortality, and Socio-Demographic Variables 



foreign-bom men from South America was observed previously 
[26,27]. 

Breast cancer. A lower breast cancer mortality risk among 
foreign-born women, as obser\'ed in our study, has been reported 
previously including in women born in Chile, Turkey, Eastern 
Asia, Asia, and South America migrating to other parts of the 
world [8,25,26,27,29,31,39,40,41,45,46,50,51]. The observed 
lower breast cancer mortality among foreign-born women 
compared with those born in Sweden could be explained in part 
by a lower incidence of breast cancers in this group [52] or by 
death from other diseases such as cardiovascular disorders [53,54]. 
However, a higher breast cancer fatality rate among immigrant 
women in Sweden over the past decade, with a lower or similar 
rate in previous years, has been reported [52]. 

Cervical cancer. Cervical cancer mortality in immigrants 
has rarely been studied. A higher mortality risk due to cancer of 
the cervix has b('("n obsi^rv'ed among foreign-born women in the 
USA compared with US whites [55]. By contrast, foreign-born 
women in the Netherlands had a lower mortality risk [8]. Late 
detection of human papilloma virus infection among foreign-born 
women [40,56] and thus late diagnosis of cervical cancer is the 
most probable cause of the higher cervical cancer mortality among 
the majority of these women. 

Although early life exposures in the country of origin and 
changes in traditional lifestyle factors play an important role in 
cancer incidence and mortality, suboptimal communication on the 
dilemmas of treatment and disparities in the access to care could 
also explain some observed variations in mortality. 

We did not have access to clinical data such as severity of 
disc'as(;, stage of cancer, or medical treatment that may have 
affected mortality risks. Further, we lacked genetic data and 
information on environmental factors, such as access to healthcare 
services, social support, degree of acculturation, dietary habits, 
alcohol consumption, smoking, and physical activities, in order to 
explore the underlying reasons for cancer mortality differences by 
country of birth. 

The number of missing values regarding education level might 
be of concern (about 28% and 32% among foreign-born and 
Sweden-bom individuals, respectively). It is possible that this could 
have been the cause of the observed highest risk among individuals 
with a low level of education. Given the high risk of cancer 
mortality in the unknown education category, the observed high 
risk in the least well educated individuals would be tn erestimated if 
the majority in the unknown group had a high education level, 
and would be underestimated if the majority belonged to the low 
education group. Although we believe that the latter is more likely, 
we cannot rule out the alternative possibility. In addition, we 
observed a similar pattern of the effect of education level in both 
foreign-born and Sweden-born individuals in the stratified 
analysis, indicating that the observed higher mortality in 
individuals with a low education level is a tme association and 
not biased by the unknown education category. Furthermore, 
using the education variable in the same data in our previous 
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